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Abstract 
 
This study aims to assess the feasibility of the addition of glutathione as bioakumulator Cd
2+
 and Cr
6+
 
by Phytoplankton Tetraselmis Chui. Analytical methods used were atomic absorption 
spectrophotometer (AAS and infrared (IR). Results showed optimum growth time is 10 days. 
Maximum concentration of Cd
2+
 and Cr
6+
 can be tolerated (MTC) by phytoplankton T. Chuii are 
respectively 0.2 ppm . concentration of glutathione which affect the concentration of Cd
2+
 and Cr
6+
 can 
be tolerated (MTC) by T. Chuii are respectively 0.5 ppm and 0.4 ppm. Functional groups involved in 
the process of bioaccumulation of Cd
2+
 on T. Chuii is C-Cl ,-NH, C = O, CO, CH, CN, HO-C = N, CC, 
C = O, C ≡ N, and SH. To Cr6+ is SO4
2-
, NO, C = O, C-Cl, CN, S (= O) 2 and OH. Effects of addition 
of glutathione to enhance the ability of Cd
2+
 bioaccumulation by T. Chuii, but lowers bioaccumulation 
of Cr
6+
. 
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Introduction 
 
Among all the stages of the continuity of the process of detoxification of heavy metals , forming metal 
complexes is an essential step in the process of bioaccumulation (Clemens , 2003) . 
Bioaccumulation of metals in phytoplankton has been a lot of attention to research. 
Marine phytoplankton types tetracelmis chuii have size 7-12 um (Falkowski , 2007 and Collantes et al 
, 2006) . Efforts to use phytoplankton as fitoremediator heavy metal pollution in marine waters is an 
environmental toxicology studies classified as very rarely studied ( Nontji 2008 and Arifin et al , 2009) 
. 
Accumulation and identification of potential functional groups that play a role in metal biakumulasi by 
phytoplankton of the class needs to be carefully dinoflagellates (Abe , 2001) . In this study , we 
investigate the metal cadmium (Cd) and Kron (Cr) as the research object because the two types of 
metal is not required in the process of the growth of living organisms and classified as toxic metals ( 
Doshi and Kothari , 2007) . 
Tetracelmis chuii represent phytoplankton will be used as fitoremidiator metal ions Cd
2+
 and 
Cr
6+
 being able to accumulate various concentrations of Cu
2+
 ions (Yilmaz , Isik , and Sayin , 2005) . 
Gin (2001) revealed that the phytoplankton , as well as other organisms have a protective mechanism 
against toxic metals to sustain life is by way of metal chelating compounds to form stable (Kawakami 
et al, 2006 and Ahner et al , 1995b ) this protective mechanism involved process formation of 
complexes between heavy metals and proteins in cells without disturbing the growth of phytoplankton 
(Connell (1990) and Klaassen et al , 2006) . Incidence of heavy metal accumulation in the cell system 
is due to the self-generated phytoplankton metal chelating proteins or peptides rich in cysteine 
compounds referred to as fitokhelatin (Grill, 1985 and Reese et al ,1988) . These compounds are 
usually desintetis of a tripeptide derivative (glutathione) which is composed of glutamate , Cysteine 
and Glycine (Osaki et al , 2009) . This molecule is also often written in the form of general structure 
(Glu - Cys - A) n - Gly : n = can range from 2 to 11 (Steffen , 1986) and has a primary structure as 
shown in Figure 1 . 
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Figure 1: The primary structure fitokelatin (Hirata et al. 2001) 
 
Indeed efforts to improve the ability of metal accumulation by phytoplankton can still be improved 
further by optimizing the role of ligands responsible for metal chelating metal toxicity decreases so 
that by varying the addition fitokhelatin (Hiren Doshi, 2007 and Shcar et al, 2002) this will 
Fitopkhelatin bind heavy metals form bonds fitokhelatin heavy metals which would then be forwarded, 
to Vakuole (Mercado, et al, 2009 and Bwicu, 2006). 
On that basis, the aim of this study was to observe the effect of the addition of glutathione to 
bioakumulator toksisitat and cadmium (Cd) and chromium (Cr) on phytoplankton tetracelmis chuii. 
 
Materials and Methods 
 
Materials 
Materials used in this study area follows : T. Chuii obtained from the pure cultures taken from fisheries 
and marine Institute, Maros, South Sulawesi, Indonesia, Chemicals in analytical grade such as Cd Cl2 
2/12 H2O, K2Cr2O7, aquabidest, FeCl3, 6H2O, MnCl2, 4H2O, H3BO3, EDTA, NaNO3, NaH2 PO4, 
2H2O, ZnCl2, CoCl2, 6H2O, (NH4)6 MoO24, 4H2O, CuSO4, 5H2O, Vitamin B12, Vitamin B1 Na2SiO3, 
5H2O, glutation, as well as filter paper (Whatman Paper, 42) 
The mother liquor Cd
2+
 1000 ppm , were made by weighing 2.0312 gram and dissolve the crystals Cd 
d2. 2 ½ H2O aquabidest in 1000 ml volumetrie flask. The mother liquor Cr
6+
 1000 ppm, were made by 
weighing 2.803 gram and dissolve the crystals K2Cr2O7 aquabidest in 1000 ml volumetric flask. 
 
Tool 
The equipment used is the equipment at the laboratory of inorganic chemistry department of Faculty of 
Science, Hasanuddin University, among others Atomic Absorption Spectrophotometer (AAS) Bulk 
Scientific 205 VGP, pH meter, oven SPNISOSFD, digital balance Ohauss NO AP 110 FT-IR 
SHIMADZU 820 1 PC, Transmission Electron Microscopy (TEM) and a set of tools commonly used 
in glass laboratory. 
 
Methods  
 
Determining time of phytoplankton growth 
Determination of phytoplankton growth pattern, done counting the number of cells per military 
medium every 24 hours. Sample taken with a sterile Pasteur pipette, dropped about 0.1 to 0.5 mL in 
Haemositometer, then observed through a microscope (SEAFDEC, 1985). If the cell density is normal, 
the density calculation using the formula: 
)1.......(000.10
)4(
4sin
x
amsnumberofbe
boxesllnumberofce
mL
cell
Number

  
If the cell density is too high, the calculation using the formula: 
Number of cells / mL = number of cells in 4 parts x 4 x 10.000 
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Determining the value of MTC heavy metals cadmium and Karom by phytoplankton T. Chuii. 
The results obtained cell density calculations, determined the specific growth rate (μ) of each 
concentration of ions Cd2 + and Cr 6 + are presented. To determine the specific growth rate (μ) using 
the formula: )2.....(........................................
11
t
nNNn ot 
  
Nt = Cell population density at time t (sel/mL) 
No = Cell population density at the beginning (sel/mL) 
µ = Specific growth rate constant (hour
-1
) 
t = Time (hours) (Doshi et al, 2007) 
 
Determine the effect of glutathione concentration and can be tolerated (MTC) on the growth of 
T. Chuii 
Now we know the growth pattern of T. Chuii cultures performed two series respectively with the 
variation that can be tolerated glutathione concentration (MTC): 0.0; 0.10, 0.20, 0.3, 0.4, 0.5, 1.0, 2, 5; 
5.0 and 10 mg / mL of medium. Observations were made every 24 hours during the period of growth. 
 
The timing of the interaction bioaccumulation Metal Ion (Cd
2+
 and Cr
6+
) by phytoplankton, T. 
Chuii. 
 
To determine the optimum time of interaction, interaction is done with the variation of time 5, 10, 15, 
30, 45, 60, and 120 minutes. Phytoplankton Tetraselmis chuii centrifuged 30 min. The filtrate was 
measured by AAS residue dried and then weighed. 
Determination of the amount of cadmium accumulated by each phytoplankton is determined by 
calculating the difference between the concentration of metal ions (Cd
2+
 and Cr
6+
) with the initial 
concentration contained in the filtrate. 
The amount of metal ions adsorbed (mg) per gram of absorbent (phytoplankton) is determined using 
the equation: )3....(........................................
)(
Wa
VCeCo
qe

  
qe  = The amount of metal ions adsorbed (mg/g) 
Co = The concentration of metal ions before adsorption 
Ce = The concentration of metal ions after adsorption 
V = Volume of metal ion solution (L) 
Wa = amount (g) 
 
Identification of functional groups biosorben by using FT-IR 
To identify functional groups that could potentially bind ions (Cd
2+
 and Cr
6+
) conducted a series of 
tests phytoplankton cultures, without and with exposure to ions Cd
2+
 and Cr
6+
 at a concentration of 
MTC. A total biomass that has not been described ion and Cd
2+
 and Cr
6+
 were analyzed using 
spectrophotometry Infra Red (IR) at a wavelength of 4000-300 nm. 
 
 
RESULTS AND DISCUSSION 
 
Determination ofPhytoplankton T. Chuii growth patterns 
Observations of phytoplankton growth pattern of T. Chuii done every 24 hours during the 13-day 
period of growth in sea water medium with the addition of Conwy (Fogg, 1985). Data density growth 
pattern of results can be seen in (Figure 2) 
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Gambar 2. Graph cell density of fitoplankton T. Chuii 
Based on (Figure 2) shows the general phytoplankton T. Chuii has four growth phases, namely: i) the 
adaptation phase begins at the time of planting until day 2, ii) the exponential growth phase after day 2 
until day 7, iii) the stationary growth phase until day 10 and, iv) after the death phase day 10 to day 13. 
Genesis iv phase is due to biomass becomes a competitor to T. Chuii to obtain molecular oxygen (O2) 
and nutrients (Davila, 1995). 
 
Determination of Cd2 + ion concentration that can be tolerated (MTC) by phytoplankton T. 
Chuii. 
Cd
2+
 ion concentration that can be tolerated (MTC) by phytoplankton T. Chuii presented at (Figure 3). 
 
 
 
 Figure 3. The pattern of cell growth of phytoplankton T. Chuii with the addition of Cd
2+
 ions at 
different concentration levels. 
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Based on (Figure 3) looks phytoplankton cell growth pattern of T. Chuii exposed metal ions Cd
2+
 0.1, 
0.15 and 0.2 ppm are relatively the same as the control (0.0 ppm Cd
2+
 ions). This indicates that the 
phytoplankton cells T. Chuii able to survive in the medium exposed to Cd
2+
 ions to a concentration of 
0.2 ppm. 
 
Absorption of Cd
2+
 ion concentration is due to the body surface covered by the microalgae cell 
membrane (Fhencee, 1988) 
Addition of Cd
2+
 ion concentration of 0.25, 0.5, 1.0, 2.5, 5.0 and 10 ppm led to the growth of 
phytoplankton cell density of T. Chuii continues to experience a significant decline. This shows the 
effect of Cd
2+
 ion toxicity at these concentrations led to the growth of T cells Chuii in the culture 
medium inhibited until death (DARMONO, 1995). 
 
Determination of Cr
6+
 ion concentration that can be tolerated (MTC) phytoplankton T. Chuii 
Cr
6+
 ion concentration that can be tolerated (MTC) by phytoplankton Tetraselmis chuii presented in 
(Figure 4). In (Figure 4) it appears that the pattern of growth of phytoplankton Tetraselmis chuii cell 
density increased until day 9 and then began to decrease at day 10. 
Chuii Tetraselmis phytoplankton growth condition which resembles the control of growth conditions 
on the concentration of Cr
6+
 from 0.1 to 0.2 ppm. The rest, bertumbuhannya conditions under control. 
It shows the condition of MTC. Further reduction in the number of cells occurred at concentrations of 
metal ions Cr
6+
 above 0.2 ppm, which Tetraselmis chuii can not survive because of the presence of 
Cr
6+
 can inhibit and reverse the growth of phytoplankton, or even damage the cells. This is because 
there is a microalgae cell surface functional groups OH and SO4
2-
as a strong binding to Cr
6+
 (Chu and 
Hashim, 2007) 
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Figure 4. Chuii Tetraselmis phytoplankton cell growth with the addition of Cr
6+
 ions at different 
concentration levels. 
 
The results of the determination of glutathione concentration effect on the growth conditions of 
Cr
6+
 ion concentration that can be tolerated (MTC). 
Determination of the concentration of glutathione is done with the addition of glutathione 
concentration variation in phytoplankton culture medium of T. Chuii which has been described ion 
Cd
2+
 0.2 ppm. Density growth chart after adding glutathione is presented in (Figure 5). 
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Figure 5. The results of the determination of the concentration of glutathione in the growth 
medium of T. Chuii on condition MTC 
 
Based on ( Figure 5 ) the addition of glutathione concentration variation of 0.1 , 0.2 , 0.3 , 0.4 , 0.5 and 
1 ppm showed a relatively stable pattern of growth . This indicates that the phytoplankton cells T. 
Chuii relatively more tolerant to changes in the condition of the culture medium . 
The entry of glutathione in the cells of phytoplankton T. Chuii act as ligands for essential metal ions 
contained in phytoplankton cells such as Zn , Cu , Mg , Na , Fe . This is evident from the analysis of 
infrared ( IR ) shows the SH functional groups were detected in phytoplankton biomass T. Chuii after 
the addition of glutathione . 
The amount of Cd
2+
 ion concentration that can be tolerated by phytoplankton T. Chuii indicate that 
phytoplankton in the role as detoxification for metal ions Cd
2+
 involves two stages : (i) activation 
fitokelatin synthase (PCS) glutathione (GSH) as a substrate and the PCS is more active as a result of an 
increase in the concentration of ions Cd
2+
 on intracellular , (ii) complexicity and inactivation of Cd
2+
 
ions for incorporation into the vacuole by fitokelatin molecules . (Moreno - Garrido et al . 1998) 
 
Effect of glutathione on growth of phytoplankton tetraselmis chuii Cr
6+
 ions at concentrations 
that can be tolerated (MTC) 
Determination of the concentration of glutathione is done with the addition of gluatation concentration 
variation in phytoplankton culture medium that has been described tetraselmis chuii ion Cr
6+
 0.2 ppm. 
Graph the growth of phytoplankton cell density after tetrasellmis chuii added glutathione can be 
observed in Figure 6. 
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In Figure 6 it appears that the growth of phytoplankton Tetraselmis chuii only until day 12 and started 
to decline at day 13 with a maximum cell density of 229.75 x 104 cell / mL. 
 
 
 
 
Figure 6. Growth based on the glutathione concentration in the growth medium conditions MTC 
tetraselmis chuii 
 
Phytoplankton able to survive in the medium exposed to Cr6 + ions to produce compounds fitokelatin. 
Fitokelatin role in the detoxification of heavy metal Cr
6+
 ions can not function properly when the 
phytoplankton was added with glutathione. This is due to the presence of glutathione and Cr
6+
 can 
damage cell membranes tetraselmis chuii phytoplankton. (Nurhamsiah et al, 2010). 
Identification of Functional Groups in T. Chuii involved in bioaccumulation Cr
6+
 ions 
Groups that play a role in the interaction of phytoplankton with Cr
6+
 ions and phytoplankton with 
glutathione at MTC condition can be observed in Figure 7 . In the form of biomass tetraselmis chuii 
looks 14 peak wavelength , peak biomass chuii tetraselmis Cr
6+
 ions with the addition of as many as 15 
wavelengths and 14 wavelengths peak after addition of Cr
6+
 ions and glutathione . 
In figure 7 shows the shift , appearance , and disappearance of the wavelength number . This indicates 
that there is interaction between chromium with some groups contained in phytoplankton tetraselmis 
chuii . 
From the analysis of infrared spectra (IR) chuii tetraselmis phytoplankton biomass , it appears that 
there are several functional groups shifted , disappeared , and show up . This suggests that in some 
clusters occur ionic bonds . Missing from phytoplankton tetraselmis chuii with Cr
6+
 ions and 
glutathione also include SO4
2-
 , NO and C = C. As for the complex that occurs between phytoplankton 
with Cr6 + ions and glutathione also include SO4
2-
 , C - CI , CN , S ( = O ) 2 and OH . 
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Figure 7. Figure infrared spectra Tetraselmis chuii biomass, (a) blank, (b) addition of Cr
6+
 ions 
and (c) the addition of Cr
6+
 ions and glutathione. 
 
Identification of functional groups on T. Chuii involved in bioaccumulation of Cd
2+
 ions 
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Figure 8. Infrared spectra of biomass T. Chuii a) blank, b) the addition of Cd
2+
 ions c) the 
addition of Cd
2+
 ions and glutathione 
 
Wave number that appears after the addition of Cd
2+
 ions and glutathione indicate a new functional 
groups were detected after interaction with Cd
2+
 ions and glutathione . New functional groups were 
detected after interaction with Cd
2+
 ions are CH functional group (794.67 cm - 1) , - CH aliphatic 
(2090.8 cm - 1) - C ≡ N (2337.7 cm - 1) - NH (3425.6 cm - 1) . Functional groups emerging after 
interaction with ions Cd
2+
 and glutathione ie CN (1082.1 cm - 1) , C = N (1512.2 cm - 1) CC (1627.9 
and 1649.1 cm - 1) C = O (1732.1 cm - 1) - SH (2492 cm - 1) . 
Wave numbers were missing after the addition of Cd
2+
 ions NH (864.11 cm - 1 ) , - OH (1404.2 cm - 
1) - C ≡ N ( 2368.6 cm - 1 ) . Ties that may occur is the ion exchange between Cd2+ ions with 
functional groups . Wave numbers shifted such that S = O ( 1041.6 cm - 1 ) indicating the presence of 
pairs of electrons on the cluster function is used to bind with Cd
2+
 ions after interaction with Cd
2+
 ions 
and glutathione . It shows the complex bond . Wave number that does not change indicates the 
functional group is no interaction with ions Cd
2+
 as - CH3 ( 2854.7 cm - 1 ) , - CH2 - ( 2924.1 cm - 1 ) 
and C - CL ( 617.22 cm - 1 ) this is possible because C - CI includes hard base , while the functional 
groups - CH2 - CH3 is possible there are still residual molecules containing functional groups - CH2 - 
CH3 and are not bound . 
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CONCLUSION 
 
Based on the researchcan be concluded that some of the following: 
1. The maximum concentration of ions Cd
2+
 and Cr
6+
 can be tolerated (MTC) by phytoplankton T. 
Chuii is 0.2 ppm, respectively. 
2. The concentration of glutathione which affects the expected ions Cd
2+
and Cr
6+
 by phytoplankton are 
respectively 0.5 ppm and 0.1 ppm. 
3. Functional groups involved in the process of bioaccumulation of Cd
2+
 ions by phytoplankton T. 
Chuii is (C-CI,-NH, C = O, CO, CH, CN, OH, C = N, CC, C = O, C ≡ N, and-SH) and for ion Cr6+ is 
SO4
2-
, NO, C = C, C-CL, CN, S (= O) 2 and OH. 
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